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EP 1 961 729 B1
Description
Technical Field
[0001] The present invention relates to a method for producing tetrafluoroterephthalic acid difluoride.
Background Art

[0002] Tetrafluoroterephthalic acid difluoride is useful as a synthetic intermediate of agrichemicals (e.g. EP 140482
A). As a method for producing tetrafluoroterephthalic acid difluoride, a method comprising reacting tetrachloroterephthalic
acid dichloride with potassium fluoride in the absence of a solvent (e.g. Probl. Organ. Sinteza, Akad. Nauk SSSR, Otd.
Obshch. i Tekhn. Khim. (1965), p.105-108), a method comprising reacting tetrachloroterephthalic acid dichloride with
potassium fluoride in the presence of sulfolane, digylme, diphenyl sulfone, nitrobenzene, N,N-dimethylacetamide, N-
methyl-2-pyrrolidone or benzonitrile (e.g. EP 140482 A), a method comprising reacting tetrachloroterephthalic acid
dichloride with potassium fluoride in sulfolane using calixarenes as a catalyst (e.g. CN 1458137 A), and the like have
been known.

Disclosure of the Invention

[0003] The presentinvention provides a method for producing tetrafluoroterephthalic acid difluoride comprising reacting
tetrachloroterephthalic acid dichloride with potassium fluoride in the presence of dimethyl sulfone.

Best Mode for Carrying Out the Present Invention

[0004] Tetrachloroterephthalic acid dichloride can be produced by a known method described, for example, in JP
2-11571 B or the like.

[0005] A commercially available potassium fluoride may be used and, for example, one obtained by a known method
such as a method comprising reacting potassium hydroxide with hydrogen fluoride may be used. Potassium fluoride
having a small particle size is preferably used. Potassium fluoride in which water content is small is preferably used.
Examples of the preferable potassium fluoride include potassium fluoride produced by a spray-dry method.

[0006] The used amount of potassium fluoride is usually 6 moles or more relative to 1 mole of tetrachloroterephthalic
acid dichloride. While there is no upper limit particularly, the used amount of potassium fluoride is preferably 6 to 10
moles from the economic viewpoint.

[0007] A Commercially available dimethyl sulfone may be used, and, for example, one produced by a known method
such as a method comprising oxidizing dimethyl sulfoxide with oxidating agent such as hydrogen peroxide or the like
(for example, e.g. US 6552231) may be used.

[0008] While the used amount of dimethyl sulfone is not particularly limited, it is practically 0.1 to 20 parts by weight
and preferably 2 to 10 parts by weight relative to 1 part of tetrachloroterephthalic acid dichloride .

[0009] The reaction temperature of the reaction of tetrachloroterephthalic acid dichloride and potassium fluoride is
usually 120 to 200°C.

[0010] While the reaction may be conducted in the absence of a solvent, the reaction is preferably conducted in the
presence of an inert organic solvent on the reaction. Examples of the inert organic solvent on the reaction include ether
solvents such as dioxane and diethylene glycol dimethyl ether; amide solvents such as N,N-dimethylacetamide; aromatic
hydrocarbon solvents such as toluene, xylene, chlorobenzene and benzonitrile; and aliphatic hydrocarbon solvents such
as octane and decane. Aromatic hydrocarbon solvents and aliphatic hydrocarbon solvents are preferable. Each of the
inert organic solvent on the reaction may be used alone and two or more thereof may be mixed to use. Among them,
an organic solvent which is inert on the reaction, has a lower boiling point than that of dimethyl sulfone and has a lower
melting point than that of dimethyl sulfone is more preferably used, and an organic solvent which is inert on the reaction
and has a boiling point of 100 to 200°C is furthermore preferable, and an organic solvent which is inert on the reaction,
has a boiling point of 100 to 200°C and has a melting point of 50°C or less is especially preferable.

[0011] The used amount of the inert organic solvent on the reaction is usually 0.001 to 0.5 part by weight and preferably
0.001 to 0.2 parts by weight relative to 1 part of dimethyl sulfone.

[0012] The reaction of tetrachloroterephthalic acid dichloride and potassium fluoride is usually conducted by mixing
tetrachloroterephthalic acid dichloride, potassium fluoride, dimethyl sulfone and, as necessary the inert organic solvent
on the reaction and keeping the resultant mixture at a predetermined reaction temperature while stirring. The mixing
order is not particularly limited.

[0013] Inthe present reaction, the smaller the water content in the reaction system is, the more smoothly the reaction
proceeds. As potassium fluoride has hygroscopic nature, the reaction is preferably conducted after removing water
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contained in potassium fluoride previously. Examples of the method for removing water containing in potassium fluoride
include a method comprising mixing potassium fluoride with dimethyl sulfone and heating the resultant mixture to remove
water; a method comprising mixing an organic solvent making an azeotrope with water, potassium fluoride and dimethyl
sulfone and heating the resultant mixture to remove water as an azeotrope; and the like. The reaction is conducted by
mixing a mixture containing potassium fluoride and dimethyl sulfone, which is obtained by removing water, with tetra-
chloroterephthalic acid dichloride.

[0014] The reaction is usually conducted at normal pressure and may be conducted under pressure.

[0015] The progress of the reaction can be checked by a conventional analytical means such as gas chromatography,
high performance liquid chromatography and the like.

[0016] After completion of the reaction, tetrafluoroterephthalic acid difluoride can be isolated, for example, by concen-
trating the reaction mixture under reduced pressure. Tetrafluoroterephthalic acid difluoride isolated may be further pu-
rified, for example, by a conventional purification means such as distillation and the like.

[0017] A tetrafluoroterephthalic acid diester compound represented by the formula (2):

CO,R

(2)

CO,R

wherein R represents a linear or branched C1-C6 alkyl group or a cyclopentyl or cyclohexyl group (hereinafter, simply
referred to as the tetrafluoroterephthalic acid diester (2)) can be produced by reacting tetrafluoroterephthalic acid difluoride
obtained with an alcohol compound represented by the formula (1):

ROH (1)

wherein R represents the same meaning as defined above (hereinafter, simply referred to as the alcohol (1)). The method
for producing the tetrafluoroterephthalic acid diester (2) will be illustrated below.

[0018] The reaction mixture containing tetrafluoroterephthalic acid difluoride, which is obtained in the above-mentioned
reaction of tetrachloroterephthalic acid dichloride with potassium fluoride, may be used as it is, and tetrafluoroterephthalic
acid difluoride may be isolated from the reaction mixture to use. In viewpoint of operability, the reaction mixture containing
tetrafluoroterephthalic acid difluoride, which is obtained in the above-mentioned reaction is preferably used as it is.
[0019] In the formula of the alcohol (1), R represents a linear or branched C1-C6 alkyl group or a cyclopentyl group
or a cyclohexyl group. Examples of the linear or branched chain C1-C6 alkyl group include a methyl group, an ethyl
group, an n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a sec-butyl group, a tert-butyl group
and an n-pentyl group.

[0020] Examples of the alcohol (1) include methanol, ethanol, n-propanol, isopropanol, n-butanol, tert-butanol, cy-
clohexanol and the like. A commercially available alcohol (1) is usually used.

[0021] The used amount of the alcohol (1) is usually 2 moles or more relative to 1 mole of tetrafluoroterephthalic acid
difluoride. The upper limit is not limited particularly. While the excess amount thereof may be used also to serve as the
solvent, the amount thereof is practically 2 to 50 moles relative to 1 mole of tetrafluoroterephthalic acid difluoride.
[0022] The reaction of tetrafluoroterephthalic acid difluoride with the alcohol (1) is usually carried out in the presence
of an organic solvent. Examples of the organic solvent include aromatic hydrocarbon solvents such as toluene, xylene
and chlorobenzene; aliphatic hydrocarbon solvents such as pentane, hexane and heptane; halogenated aliphatic hy-
drocarbon solvents such as dichloromethane, dichloroethane and chloroform; ether solvents such as diethyl ether and
methyl tert-butyl ether; and ester solvents such as ethyl acetate. Each of the organic solvents may be used alone and
two or more thereof may be mixed to use. The used amount of the organic solvent is not particularly limited.

[0023] Whenaninertorganic solvent on the reaction is used in the above-mentioned reaction of tetrachloroterephthalic
acid dichloride with potassium fluoride and the obtained reaction mixture is used for the reaction with the alcohol (1) as
it is, the reaction may be conducted without addition of an organic solvent.

[0024] Since hydrogen fluoride is generated as a by-product along with the progression of the reaction of tetrafluoro-



10

15

20

25

30

35

40

45

50

55

EP 1961 729 B1

terephthalic acid difluoride with the alcohol (1), the reaction may be carried out to prevent residence of hydrogen fluoride
generated as a by-product in the reaction system. Examples of the method for conducting the reaction to prevent
residence of hydrogen fluoride generated as a by-productin the reaction system include a method comprising conducting
the reaction in the presence of a base, a method comprising conducting the reaction while blowing an inert gas into the
reaction mixture and a method comprising conducting the reaction under reduced pressure. The method comprising
conducting the reaction in the presence of a base and the method comprising conducting the reaction while blowing an
inert gas into the reaction mixture are preferable, and the method comprising conducting the reaction while blowing an
inert gas into the reaction mixture are more preferable.

[0025] When the reaction is conducted while blowing an inert gas into the reaction mixture, the inert gas used may
be an inert gas on the reaction of tetrafluoroterephthalic acid difluoride with the alcohol (1), and examples thereof include
nitrogen, carbon dioxide and air. The blowing flow rate of the inert gas is usually 1 vol%/min. or more relative to a volume
of the reaction mixture. While there is no upper limit particularly, it is preferably 30 vol%/min. or less in viewpoint of
operability.

[0026] When the reaction is carried out in the presence of a base, examples of the base used include tertiary amine
compounds such as triethylamine and diisopropylethylamine; nitrogen-containing aromatic compounds such as pyridine,
collidine and quinoline; alkali metal carboxylates such as sodium acetate; alkali metal alcoholates such as sodium
methylate and sodium ethylate; alkali metal hydroxides such as sodium hydroxide and potassium hydroxide; alkaline
earth metal hydroxides such as calcium hydroxide and magnesium hydroxide; alkali metal carbonates such as sodium
carbonate and potassium carbonate; alkali metal hydrogen carbonates such as sodium hydrogen carbonate and potas-
sium hydrogen carbonate; alkaline earth metal carbonates such as calcium carbonate and magnesium carbonate; and
alkaline earth metal hydrogen carbonates such as calcium hydrogen carbonate and magnesium hydrogen carbonate.
Each of the bases may be used alone and two or more thereof may be mixed to use. Among them, at least one kind
selected from the group consisting of nitrogen-containing aromatic compounds, alkali metal carbonates, alkali metal
hydrogen carbonates, alkaline earth metal carbonates and alkaline earth metal hydrogen carbonates is preferably used,
and at least one kind selected from the group consisting of alkali metal carbonates, alkali metal hydrogen carbonates,
alkaline earth metal carbonates and alkaline earth metal hydrogen carbonates is more preferably used.

[0027] The used amount of the base is usually 2 to 5 moles relative to 1 mole of tetrafluoroterephthalic acid difluoride.
[0028] When the reaction is conducted under reduced pressure, pressure is usually 6 to 100 kPa.

[0029] The mixing order of tetrafluoroterephthalic acid difluoride and the alcohol (1) is not particularly limited. When
the reaction is carried out in the presence of the base, the reaction is preferably conducted by a method comprising
adding the alcohol (1) to a mixture of tetrafluoroterephthalic acid difluoride and the base adjusted at the predetermined
reaction temperature or a method comprising adding a mixture of the base and the alcohol (1) to tetrafluoroterephthalic
acid difluoride adjusted at the predetermined reaction temperature. When the reaction is carried out in the absence of
the base, tetrafluoroterephthalic acid difluoride is preferably added to the alcohol (1).

[0030] The reaction temperature of the reaction of tetrafluoroterephthalic acid difluoride with the alcohol (1) is usually
0 to 100°C. When the reaction is carried out in the presence of the base, the reaction is preferably conducted at 0 to
30°C in viewpoint of suppression of the progress of side reaction.

[0031] While the reaction of tetrafluoroterephthalic acid difluoride with the alcohol (1) is usually carried out at normal
pressure, the reaction may be conducted under reduced pressure as described above and may be conducted under
pressure.

[0032] The progress of the reaction can be checked by a conventional analytical means such as gas chromatography,
high performance liquid chromatography and the like.

[0033] After completion of the reaction, the tetrafluoroterephthalic acid diester (2) can be isolated as crystal by removing
unreacted alcohol (1) and the organic solvent by concentration followed by mixing the obtained concentrating residue
with water to conduct filtration. Alternatively, the tetrafluoroterephthalic acid diester (2) can also be isolated by mixing
the reaction mixture, water and as necessary a water-insoluble organic solvent to conduct extraction treatment followed
by concentrating the obtained organic layer. Examples of the water-insoluble organic solvent include aromatic hydro-
carbon solvents such as toluene, xylene and chlorobenzene; aliphatic hydrocarbon solvents such as pentane, hexane
and heptane; halogenated aliphatic hydrocarbon solvents such as dichloromethane, dichloroethane and chloroform;
ether solvents such as diethyl ether and methyl tert-butyl ether; and ester solvents such as ethyl acetate. The used
amount thereof is not particularly limited.

[0034] When the above-mentioned reaction mixture obtained by the reaction of tetrachloroterephthalic acid dichloride
with potassium fluoride is used as it is for the reaction with alcohol (1) or the base is used in the reaction with alcohol
(1), solids such as salts derived from potassium fluoride or the base are usually precipitated in the reaction mixture, and
the tetrafluoroterephthalic acid diester (2) may be isolated from the reaction mixture as it is without removing solids or
after removing solids by filtration. The tetrafluoroterephthalic acid diester (2) is preferably isolated after removing solids
by filtration.

[0035] The tetrafluoroterephthalic acid diester (2) isolated may be further purified, for example, by a conventional
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purification means such as crystallization, column chromatography and the like.

[0036] Examples of the tetrafluoroterephthalic acid diester (2) include dimethyl 2,3,5,6-tetrafluoroterephthalate, diethyl
2,3,5,6-tetrafluoroterephthalate, di(n-propyl) 2,3,5,6-tetrafluoroterephthalate, diisopropyl 2,3,5,6-tetrafluoroterephtha-
late, di(n-butyl) 2,3,5,6-tetrafluoroterephthalate and di(tert-butyl) 2,3,5,6-tetrafluoroterephthalate.

[0037] When the reaction mixture obtained in the above-mentioned reaction of tetrachloroterephthalic acid dichloride
with potassium fluoride is used as it is for the reaction with the alcohol (1), dimethyl sulfone is contained in a filtrate
obtained by filtrating crystals of the tetrafluoroterephthalic acid diester (2) or an aqueous layer separated from an organic
later in the above-mentioned extraction. Dimethyl sulfone can be recovered by concentrating the filtrate or the aqueous
layer to remove water. The recovered dimethyl sulfone can be used again in the above-mentioned reaction of tetrachlo-
roterephthalic acid dichloride with potassium fluoride. When salts are contained in the filtrate or the aqueous layer,
dimethyl sulfone is recovered after removing salts by demineralization or filtration.

Examples

[0038] The present invention is illustrated by Examples in more detail below. The yields and the contents were cal-
culated by gas chromatography internal standard method.

Example 1

[0039] Into a 50 ml flask equipped with a reflux condenser, 2.3 g of potassium fluoride (spray-dry products), 8.5 g of
dimethyl sulfone and 20 g of toluene were charged. The obtained mixture was heated to an inner temperature of 130°C,
and water in the mixture was removed as an azeotrope with toluene. After that, almost of total toluene was distilled away
at an inner temperature of 140°C and the mixture obtained was cooled to an inner temperature of 100°C.

[0040] Into the mixture, 1.7 g of tetrachloroterephthalic acid dichloride and 600 mg of xylene were charged to effect
reaction at an inner temperature of 145°C for 6 hours. The adherence of dimethyl sulfone on the inner wall of the reflux
condenser and flask was not observed.

[0041] After completion of the reaction, the reaction mixture was cooled to room temperature and 10 g of methanol
was added to the reaction mixture. After solids of dimethyl sulfone precipitated were pulverized, the mixture was stirred
at room temperature for 1 hour to effect reaction. Solids in the reaction mixture were removed by filtration and solids
filtrated were washed with 5 g of methanol. The filtrate and wash liquid obtained were mixed and concentrated to remove
methanol. Thirty gram of water was added to the concentrated residue and the precipitated crystals were isolated by
filtration. The crystals isolated were washed with water and dried to obtain 1.3 g of pale yellow crystals of dimethyl
2,3,5,6-tetrafluoroterephthalate.

Content: 90.0 wt%, yield: 87%

Example 2

[0042] Into a 50 ml flask equipped with a reflux condenser, 480 mg of potassium fluoride, which was same as used
in the above-mentioned Example 1, 3.0 g of dimethyl sulfone and 10 g of toluene were charged. The obtained mixture
was heated to an inner temperature of 130°C, and water in the mixture was removed as an azeotrope with toluene. After
that, almost of total toluene was distilled away at an inner temperature of 140°C and the mixture obtained was cooled
to an inner temperature of 100°C.

[0043] Into the mixture, 340 mg of tetrachloroterephthalic acid dichloride was charged to effect reaction at an inner
temperature of 150°C for 4 hours. The adherence of dimethyl sulfone on the inner wall of the flask was observed.
[0044] The reaction mixture was cooled to room temperature and 10 g of methanol was added to the reaction mixture.
After solids of dimethyl sulfone precipitated were pulverized, the mixture was stirred at room temperature for 1 hour to
effectreaction. After completion of the reaction, 10 g of ethyl acetate was added to the reaction mixture obtained to analyze.
Yield of dimethyl 2,3,5,6-tetrafluoroterephthalate: 50% Yield of dimethyl 2,3,5-trifluoro-6-chloroterephthalate: 21%
Yield of dimethyl difluorodichloroterephthalate (sum of three isomers): 23%

Example 3

[0045] Into a 50 ml flask equipped with a reflux condenser, 2.3 g of potassium fluoride, which was same as used in
the above-mentioned Example 1, 8.5 g of dimethyl sulfone and 20 g of toluene were charged. The obtained mixture was
heated to an inner temperature of 130°C, and water in the mixture was removed as an azeotrope with toluene. After
that, almost of total toluene was distilled away at an inner temperature of 140°C and the mixture obtained was cooled
to an inner temperature of 100°C.

[0046] Into the mixture, 1.7 g of tetrachloroterephthalic acid dichloride and 590 mg of xylene were charged to effect
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reaction at an inner temperature of 145°C for 4 hours. The adherence of dimethyl sulfone on the inner wall of the reflux
condenser and flask was not observed.

[0047] The reaction mixture was cooled to an inner temperature of 110°C and 20 g of xylene was added to the reaction
mixture. A part of the solution was taken and analyzed with gas chromatography mass spectroscope to find out the
formation of 2,3,5,6-tetrafluoroterephthalic acid difluoride (M*=242) as a main product and disappearance of raw material
tetrachloroterephthalic acid dichloride. The solution was cooled to an inner temperature of 60°C and 5 g of methanol
was added to the solution and the solution was stirred at an inner temperature of 60°C for 1 hour to effect reaction. After
completion of the reaction, the reaction mixture was cooled to room temperature and 30 g of water was added to the
reaction mixture. After standing, the reaction mixture was separated to an organic layer and an aqueous layer. To the
aqueous layer, 10 g of toluene was added to extract and the obtained oil layer was mixed with the organic layer obtained
in above. The organic layer after mixing was washed with water and concentrated to obtain 1.5 g of brown crystals of
dimethyl 2,3,5,6-tetrafluoroterephthalate.

Content: 77.3 wt%, yield: 84%

Example 4

[0048] Into a 50 ml flask equipped with a reflux condenser, 2.3 g of potassium fluoride, which was same as used in
the above-mentioned Example 1, 8.5 g of dimethyl sulfone and 20 g of toluene were charged. The obtained mixture was
heated to an inner temperature of 130°C, and water in the mixture was removed as an azeotrope with toluene. After
that, almost of total toluene was distilled away at an inner temperature of 140°C and the mixture obtained was cooled
to an inner temperature of 100°C.

[0049] Into the mixture, 1.7 g of tetrachloroterephthalic acid dichloride and 150 mg of xylene were charged to effect
reaction at an inner temperature of 145°C for 2 hours. The adherence of dimethyl sulfone on the inner wall of the reflux
condenser and flask was not observed.

[0050] The reaction mixture was cooled to an inner temperature of 110°C. Into a 100 ml flask, 25 g of methanol was
charged and cooled at an inner temperature of 10°C. To this, the above-mentioned reaction mixture was added. The
mixture obtained was heated to an inner temperature of 60°C and the mixture was stirred for 1 hour to effect reaction.
Solids were removed from the reaction mixture by filtration. Solids were washed with 5 g of methanol and wash liquid
obtained was mixed with the filtrate obtained above. To the mixed solution obtained, 17 g of water was added and the
resultant mixture was concentrated to remove methanol. The concentrated residue was extracted twice with 10 g of
toluene and the obtained organic layers were concentrated to obtain 1.4 g of pale yellow crystals of dimethyl 2,3,5,6-
tetrafluoroterephthalate.

Content: 92.5 wt%, yield: 96%

[0051] In 27 g of the aqueous layer after extracting the concentrated residue with toluene, dimethyl sulfone was
contained.

Example 5

[0052] Into a 50 ml flask equipped with a reflux condenser, 27 g of the aqueous layer containing dimethyl sulfone,
which was obtained in the above Example 4, and 20 g of toluene were charged. The obtained mixture was heated to
an inner temperature of 130°C, and water in the above-mentioned aqueous layer was removed as an azeotrope with
toluene and 2.3 g of potassium fluoride, which was same as used in the above-mentioned Example 1, was charged
thereto. The obtained mixture was heated to an inner temperature of 130°C, and water in the mixture was removed as
an azeotrope with toluene. After that, almost of total toluene was distilled away at an inner temperature of 140°C and
the mixture obtained was cooled to an inner temperature of 100°C.

[0053] Into the mixture, 1.7 g of tetrachloroterephthalic acid dichloride and 150 mg of xylene were charged to effect
reaction at an inner temperature of 145°C for 3 hours. The adherence of dimethyl sulfone on the inner wall of the flask
was not observed.

[0054] The reaction mixture was cooled to room temperature and 10 g of methanol was added to the reaction mixture.
After solid of dimethyl sulfone precipitated was pulverized, the mixture was stirred at room temperature for 1 hour to
effect reaction. To the reaction mixture, 10 g of ethyl acetate was added to analyze.

Yield of dimethyl 2,3,5,6-tetrafluoroterephthalate: 73% Yield of dimethyl 2,3,5-trifluoro-6-chloroterephthalate: 12%
Yield of dimethyl difluorodichloroterephthalate (sum of three isomers): 11%

Example 6

[0055] Into a 500 ml flask equipped with a reflux condenser, 23 g of potassium fluoride, which was same as used in
the above-mentioned Example 1, 85 g of dimethyl sulfone and 30 g of toluene were charged. The obtained mixture was
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heated to an inner temperature of 130°C, and water in the mixture was removed as an azeotrope with toluene. After
that, the mixture was kept at an inner temperature of 140°C until distillation of toluene was not observed. Further, the
pressure was reduced to 20 mmHg (corresponding to 2.67 kPa) at an inner temperature of 140°C, and almost of total
toluene was distilled way. The pressure was controlled to normal pressure with nitrogen and the mixture obtained was
cooled to an inner temperature of 100°C.

[0056] Into the mixture, 17 g of tetrachloroterephthalic acid dichloride and 1.5 g of toluene were charged to effect
reaction at an inner temperature of 145°C for 3 hours. The adherence of dimethyl sulfone on the inner wall of the reflux
condenser and flask was not observed.

[0057] After completion of the reaction, the reaction mixture was cooled to an inner temperature of 110°C and 300 g
of toluene was added to the reaction mixture. The mixture obtained was cooled to an inner temperature of 60°C and
100 g of methanol was added thereto to conduct the reaction at room temperature for 10 hours while nitrogen was blown
into the mixture. The reaction mixture was concentrated to remove methanol. To the concentrated residue, 20 g of water
and 6.9 g of potassium carbonate were added and the resultant mixture was separated to an organic layer and an
aqueous layer. The organic layer was concentrated to obtain 13.2 g of pale yellow crystals of dimethyl 2,3,5,6-tetrafluor-
oterephthalate.

Content: 90.0 wt%, yield: 89%

Example 7

[0058] Into a 50 ml flask equipped with a reflux condenser, 2.3 g of potassium fluoride (powder), 8.5 g of dimethyl
sulfone and 20 g of toluene were charged. The obtained mixture was heated to an inner temperature of 130°C, and
water in the mixture was removed as an azeotrope with toluene. After that, almost of total toluene was distilled away at
an inner temperature of 140°C and the mixture obtained was cooled to an inner temperature of 100°C.

[0059] Into the mixture, 1.7 g of tetrachloroterephthalic acid dichloride and 150 mg of xylene were charged to effect
reaction at an inner temperature of 145°C for 3 hours. The adherence of dimethyl sulfone on the inner wall of the reflux
condenser and flask was not observed.

[0060] The reaction mixture was cooled to an inner temperature of 110°C and 20 g of toluene was added thereto.
After the resultant mixture was cooled to an inner temperature of 10°C, 1.4 g of potassium carbonate and 2 g of methanol
were added to thereto, and the resultant mixture was stirred for 4 hours at an inner temperature of 10°C to effect reaction.
Solids in the reaction mixture were removed by filtration. Solids filtrated were washed with 5 g of methanol. The filtrate
and wash liquid obtained were mixed and the resultant mixture was concentrate to remove methanol and toluene. To
the concentrated residue, 30 g of water was added and crystals precipitated were isolated by filtration. Isolated crystals
were washed with water and dried to obtain 1.1 g of pale yellow crystals of dimethyl 2,3,5,6-tetrafluoroterephthalate.
Content: 85.0 wt%, yield: 72%

Yield of dimethyl 2,3,5-trifluoro-6-chloroterephthalate: 6% Yield of dimethyl difluorodichloroterephthalate (sum of three
isomers): 6%

Comparative Example 1

[0061] Into a 50 ml flask equipped with a reflux condenser, 2.3 g of potassium fluoride, which was same as used in
the above-mentioned Example 1, 8.5 g of sulfolane and 20 g of toluene were charged. The obtained mixture was heated
to an inner temperature of 130°C, and water in the mixture was removed as an azeotrope with toluene. After that, almost
of total toluene was distilled away at an inner temperature of 140°C and the mixture obtained was cooled to an inner
temperature of 100°C.

[0062] Into the mixture, 1.7 g of tetrachloroterephthalic acid dichloride was charged to effect reaction at an inner
temperature of 155°C for 4 hours.

[0063] The reaction mixture was cooled to room temperature and 10 g of methanol was added to the reaction mixture.
The resultant mixture was stirred at room temperature for 1 hour to effect reaction. After completion of the reaction, 10
g of ethyl acetate was added to the reaction mixture obtained and analysis was conducted.

Yield of dimethyl 2,3,5,6-tetrafluoroterephthalate: 0% Yield of dimethyl 2,3,5-trifluoro-6-chloroterephthalate: 0% Yield of
dimethyl difluorodichloroterephthalate (sum of three isomers): 27%

Yield of dimethyl 2-fluoro-3,5,6-trichloroterephthalate: 35%

Recovery of dimethyl 2,3,5,6-tetrachloroterephthalate: 38%

Industrial Applicability

[0064] According to the present invention, tetrafluoroterephthalic acid difluoride, which is useful as a synthetic inter-
mediate of agrichemicals, can be produced industrially advantageously.
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Claims

10.

1.

12,

A method for producing tetrafluoroterephthalic acid difluoride comprising reacting tetrachloroterephthalic acid dichlo-
ride with potassium fluoride in the presence of dimethyl sulfone.

The method according to claim 1, wherein the used amount of dimethyl sulfone is 0.1 to 20 parts by weight relative
to 1 part of tetrachloroterephthalic acid dichloride.

The method according to claim 1, wherein the reaction temperature is 120 to 200°C.

The method according to claim 1, wherein the reaction is conducted in the presence of an inert organic solvent on
the reaction.

The method according to claim 4, wherein the inert organic solvent on the reaction is an ether solvent, an amide
solvent, an aromatic hydrocarbon solvent or an aliphatic hydrocarbon solvent.

The method according to claim 4, wherein the inert organic solvent on the reaction is an organic solvent which is
inert on the reaction, has a lower boiling point than that of dimethyl sulfone and has a lower melting point than that
of dimethyl sulfone.

The method according to claim 6, wherein the boiling point of the inert organic solvent on the reaction is 100 to 200°C.

The method according to claim 6, wherein the boiling point of the inert organic solvent on the reaction is 100 to
200°C and the melting point of the inert organic solvent on the reaction is 50°C or less.

The method according to claim 4, wherein the used amount of the inert organic solvent on the reaction is 0.001 to
0.5 part by weight relative to 1 part of dimethyl sulfone.

A method for producing a tetrafluoroterephthalic acid diester compound represented by the formula (2):

CO,R

(2)

CO,R

wherein R represents a linear or branched C1-C6 alkyl group or a cyclopentyl or cyclohexyl group, comprising (a)

producing tetrafluoroterephthalic acid difluoride by a method according to any one of claims 1 to 9; and (b) reacting

tetrafluoroterephthalic acid difluoride thus obtained with an alcohol compound represented by the formula (1):
ROH (1)

wherein R represents the same meaning as defined above.

The method according to claim 10, wherein the reaction is conducted while blowing an inert gas into the reaction
mixture of tetrafluoroterephthalic acid difluoride and an alcohol compound represented by the formula (1).

The method according to claim 10, wherein tetrafluoroterephthalic acid difluoride is reacted with an alcohol compound
represented by the formula (1) in the presence of a base.
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13. The method according to claim 12, wherein the base is an nitrogen-containing aromatic compound, an alkali metal
carbonate, an alkali metal hydrogen carbonate, alkaline earth metal carbonate or an alkaline earth metal hydrogen
carbonate.

Patentanspriiche

1. Ein Verfahren zur Herstellung von Tetrafluorterephthalsauredifluorid, umfassend Umsetzen von Tetrachlorterepht-
halsauredichlorid mit Kaliumfluorid in der Gegenwart von Dimethylsulfon.

2. Das Verfahren gemal Anspruch 1, wobei die verwendete Menge von Dimethylsulfon 0,1 bis 20 Gewichtsteile,
bezogen auf einen Teil von Tetrachlorterephthalsauredichlorid betragt.

3. Das Verfahren gemaR Anspruch 1, wobei die Reaktionstemperatur 120 bis 200 °C betragt.

4. DasVerfahrengemaf Anspruch 1, wobeidie Umsetzungin der Gegenwart eines fiir die Reaktion inerten organischen
Lésungsmittels durchgefiihrt wird.

5. Das Verfahren gemaR Anspruch 4, wobei das fiir die Reaktion inerte organische Losungsmittel ein Ether-Lésungs-
mittel, ein Amid-L&sungsmittel, ein aromatisches Kohlenwasserstoff-Lodsungsmittel oder ein aliphatisches Kohlen-
wasserstoff-Loésungsmittel ist.

6. Das Verfahren gemafR Anspruch 4, wobei das flr die Reaktion inerte organische Losungsmittel ein organisches
Lésungsmittel ist, das fur die Reaktion inert ist, einen niedrigeren Siedepunkt als den von Dimethylsulfon hat und

einen niedrigeren Schmelzpunkt als den von Dimethylsulfon hat.

7. Das Verfahren gemaf Anspruch 6, wobei der Siedepunkt des flr die Reaktion inerten organischen Losungsmittels
100 bis 200 °C betragt.

8. Das Verfahren gemaf Anspruch 6, wobei der Siedepunkt des flr die Reaktion inerten organischen Losungsmittels
100 bis 200 °C betragt und der Schmelzpunkt des fiir die Reaktion inerten organischen Lésungsmittels 50 °C oder
niedriger ist.

9. Das Verfahren gemaf Anspruch 4, wobei die verwendete Menge des fiir die Reaktion inerten organischen Lésungs-
mittels 0,001 bis 0,5 Gewichtsteil, bezogen auf einen Teil von Dimethylsulfon, betragt.

10. Ein Verfahren zur Herstellung einer Tetrafluorterephthalsaurediesterverbindung, dargestellt durch die Formel (2):

CO,R

(2)

CO,R

wobei R einen linearen oder verzweigten C,-Cg-Alkylrest oder einen Cyclopentyl- oder Cyclohexylrest darstellt,
umfassend

(a) Herstellen von Tetrafluorterephthalsauredifluorid durch ein Verfahren gemaf einem der Anspriiche 1 bis 9;



10

15

20

25

30

35

40

45

50

55

1.

12,

13.

EP 1961 729 B1

und
(b) Umsetzen von Tetrafluorterephthalsauredifluorid, das so erhalten wurde, mit einer Alkoholverbindung, dar-
gestellt durch die Formel (1):

ROH (1)
wobei R die selbe Bedeutung darstellt wie vorstehend definiert.
Das Verfahren geman Anspruch 10, wobei die Reaktion durchgefiihrt wird wahrend ein inertes Gas in das Reakti-
onsgemisch aus Tetrafluorterephthalsauredifluorid und einer Alkoholverbindung, dargestellt durch die Formel (1),

geblasen wird.

Das Verfahren gemaR Anspruch 10, wobei Tetrafluorterephthalsauredifluorid mit einer Alkoholverbindung, darge-
stellt durch die Formel (1), in der Gegenwart einer Base umgesetzt wird.

Das Verfahren gemaR Anspruch 12, wobei die Base eine stickstoffhaltige aromatische Verbindung, ein Alkalimetall-
Carbonat, ein Alkalimetall-Hydrogencarbonat, Erdalkalimetall-Carbonat oder ein Erdalkalimetall-Hydrogencarbonat
ist.

Revendications

10.

Procédé de production de difluorure d’acide tétrafluorotéréphthalique comprenant la réaction de dichlorure d’acide
tétrachlorotéréphthalique avec du fluorure de potassium en présence de diméthylsulfone.

Procédé selon la revendication 1, dans lequel la quantité de diméthylsulfone utilisée est de 0,1 a 20 parties en
masse par rapport a 1 partie de dichlorure d’acide tétrachlorotéréphthalique.

Procédé selon la revendication 1, dans lequel la température de réaction est de 120 a 200°C.

Procédé selon la revendication 1, dans lequel la réaction est réalisée en présence d’un solvant organique inerte
pour la réaction.

Procédé selon la revendication 4, dans lequel le solvant organique inerte pour la réaction est un solvant d’éther, un
solvant d’amide, un solvant hydrocarboné aromatique ou un solvant hydrocarboné aliphatique.

Procédé selon la revendication 4, dans lequel le solvant organique inerte pour la réaction est un solvant organique
qui est inerte pour la réaction, qui présente un point d’ébullition inférieur a celui de la diméthylsulfone et qui présente

un point de fusion inférieur a celui de la diméthylsulfone.

Procédé selon la revendication 6, dans lequel le point d’ébullition du solvant organique inerte pour la réaction est
de 100 a 200°C.

Procédé selon la revendication 6, dans lequel le point d’ébullition du solvant organique inerte pour la réaction est
de 100 a 200°C et le point de fusion du solvant organique inerte pour la réaction est de 50°C ou inférieur.

Procédé selon la revendication 4, dans lequel la quantité du solvant organique inerte pour la réaction utilisée est
de 0,001 a 0,5 partie en masse par rapport a 1 partie de diméthylsulfone.

Procédé de production d’'un composé de diester d’acide tétrafluorotéréphthalique représenté par la formule (2) :

10
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CO,R

(2)

CO,R

dans laquelle R représente un groupe alkyle en C1-C6 linéaire ou ramifié ou un groupe cyclopentyle ou cyclohexyle,
comprenant (a) la production de difluorure d’acide tétrafluorotéréphthalique par un procédé selon 'une quelconque
des revendications 1 a 9 ; et (b) la réaction de difluorure d’acide tétrafluorotéréphthalique ainsi obtenu avec un
composé d’alcool représenté par la formule (1) :

ROH (1)
dans laquelle R a la méme signification que défini ci-dessus.

Procédé selon la revendication 10, dans lequel la réaction est réalisée tout en soufflant un gaz inerte dans le mélange
réactionnel de difluorure d’acide tétrafluorotéraphthalique et d'un composé d’alcool représenté par la formule (1).

Procédé selon la revendication 10, dans lequel le difluorure d’acide tétrafluorotéréphthalique réagit avec un composé
d’alcool représenté par la formule (1) en présence d’une base.

Procédé selonlarevendication 12, dans lequel la base estun composé aromatique contenantde I'azote, un carbonate

de métal alcalin, un hydrogénocarbonate de métal alcalin, un carbonate de métal alcalino-terreux ou un hydrogé-
nocarbonate de métal alcalino-terreux.

11



EP 1 961 729 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.
Patent documents cited in the description
e EP 140482 A [0002] « JP 2011571 B [0004]
e CN 1458137 A[0002] * US 6552231 B [0007]
Non-patent literature cited in the description

e  Probl. Organ. Sinteza, Akad. Nauk SSSR, Otd. Ob-
shch. i Tekhn. Khim., 1965, 105-108 [0002]

12



	bibliography
	description
	claims

